Study Objectives: Zika virus infection during pregnancy may result in congenital Zika syndrome (CZS), whose characteristics are being described.
Introduction
The Zika virus, declared to be an emerging global health threat in 2016 [1] , affects the fetal central nervous system during pregnancy, causing brain anomalies such as severe microcephaly with decreased cortical thickness and malformations, subcortical calcifications, ventriculomegaly, cerebellar and corpus callosum hypoplasia, delayed myelination, and peripheral alterations such as macular scarring and focal pigmentary retinal mottling [2, 6] , which compose the congenital Zika syndrome (CZS) features.
The full spectrum of CZS and its consequences are still being described. Clinical features include irritability, convulsions, clonus, crying, epilepsy, dysphagia, neurodevelopmental cognitive and language disorders, motor disorders with congenital contractures, hypertonia, and extrapyramidal disturbances [5, 7, 8] .
Although not yet characterized as one of the clinical symptoms of CZS, mothers of infants with CZS often complain of sleep problems in their children.
In fact, it is known that sleep problems are more frequent in children with developmental abnormalities [9] [10] [11] . The sleepwake cycle is a complex phenomenon that depends on the integrity of various structures such as brainstem nuclei, reticular formation, thalamus, and hypothalamus, specifically the suprachiasmatic nucleus, pineal gland, and cortex [12] [13] [14] . Thus, several of the brain anomalies present in CZS could lead to a disruption in the sleep-wake cycle pattern.
In spite of this evidence, there is currently no literature about the biological and behavioral aspects of the sleep-wake cycle in this population. The only study to investigate sleep characteristics in patients with CZS showed abnormalities in electroencephalographic (EEG) recording patterns during spontaneous sleep, such as interictal epileptogenic activity and hypsarrhythmia, drawing attention to the importance of studying sleep in this population [15] .
In addition to being an important marker of neurodevelopment [16, 17] , sleep is a modulator of development, quality of life, cognitive performance, behavior, language, and learning as well as metabolic and immune systems [10, 11, 18, 19] . The severity of sleep disturbances is also reflected in the stress levels, health, and quality of life of parents, with negative consequences on the effectiveness of behavioral treatments as a result of reduced child performance and reduced parental ability to correctly apply treatment techniques and strategies [20] [21] [22] [23] .
The importance of the early characterization is that many of the negative repercussions of sleep disorders can be reversed when these children are submitted to interventions to minimize and/or remedy such problems [24] .
Considering the lack of information about sleep in these children for multidisciplinary professionals, the aim of the present study was to investigate sleep characteristics of children with CZS with the use of a sleep evaluation questionnaire.
Methods
This study is part of a multidisciplinary research project approved by the Ethics Committee in Research of the Albert Sabin Children's Hospital, Fortaleza, Ceará, Brazil (protocol number 1.743.023). The results of this research project have been published in several studies in recent years [25] [26] [27] [28] [29] .
Since 2016, more than 200 infants with CZS were referred by Albert Sabin Children's Hospital and by state health services to the CAVIVER, a nongovernmental organization clinic in Fortaleza, Ceará, Brazil, that promotes multidisciplinary therapy for children. Some of the patients, who were present at the last two family support meetings, were invited to participate in the present study, and 88 accepted.
Mothers or legal guardians of 136 infants and toddlers (with CSZ or with typical development [TD] ) that participated in this study signed informed consent forms prior to answering the sleep questionnaire.
A total of 70.4% of the mothers in the CZS group (24.3 ± 5.9 years old) were infected by the Zika virus in the first, 22.2% in the second, and 3.7% in the third trimester of gestation. The socioeconomic status of the families included 68% in category E (less than two basic salaries), 18% in category D (between two and four basic salaries), and 14% in category C (between four and 10 basic salaries), following the socioeconomic stratification criteria of the Brazilian Institute of Geography and Statistics (IBGE). In 2017, the basic salary in Brazil was 937.00 Brazilian real (BRL) or 291.18 American dollars (USD).
The indicators of sleep disturbances of the mothers were obtained from the Pittsburgh Sleep Quality Index (PSQI). The PSQI is a self-rated questionnaire that assesses sleep quality and disturbances over a 1 month time interval and probes clinically important and patient-relevant symptoms in the areas of sleep quality and quantity. The PSQI consists of 19 self-rated items divided into seven subscales: subjective sleep quality, sleep latency, sleep duration, habitual sleep efficiency, sleep disturbances, use of sleeping medications, and daytime dysfunction. Each subscale is rated from 0 to 3, with a higher score indicating a more severe sleep complaint. The summed score of the seven subscales yields a single global score that represents the patient's overall sleep experience; a lower total score reflects a better quality of sleep. A global PSQI score greater than 5 is an indication that the person has great difficulties in at least two components of sleep quality or moderate difficulties in more than three components of sleep quality [30] .
The ages of the infants and toddlers with CZS (CZS group, N = 88) ranged from 5 to 24 months, and the inclusion criterion of this group was the diagnosis of CZS. Approximately 5.5% of this group were preterm, and 94.5% were full term. The mean ± standard deviation (SD) of cephalic perimeter was 29.7 ± 2.1 cm (range, 25-32 cm), birth weight, 2,699 ± 483 g, and stature, 45.2 ± 3 cm. Seventy-seven percent of the CZS group children had an epilepsy diagnosis. Data about medication use in the CZS children are described in Table 1 ; more than 78% of the CZS group used some type of medication, and 65.9% of them used drugs that may cause side effects such as sedation or drowsiness.
After the CZS group was assembled, infants and toddlers with TD, with no history of neuropsychomotor developmental abnormalities and an absence of brain injuries, genetic syndromes, congenital malformations, and hearing or visual impairments, paired by age (CZS 15.9 ± 0.4 vs. TD 15.8 ± 1.0 months, t (134)= 0.11, p = 0.90), gender (CZS 59.1% girls and 40.9% boys; TD 60.4% girls and 39.6% boys), and socioeconomic status (control group, 62% in the category E, 20% in D, and 18% in C) to the CZS group were recruited as a comparison group. The TD group was recruited from people familiar with the CZS group's own families or by the team involved in the project using advertisements on parenting websites and other related-media channels. Data collection from the control group was performed the week after the collection from the CZS group. More than 100 parents of infants and toddlers with TD were invited to participate, and 48 accepted. Thus, for both groups, the sample size was determined by convenience.
Data collection from the CZS group was performed in December 2016 and in July 2017, to compare the data of children at two time points with an interval of 6 months. The data of 88 infants and toddlers were collected at the first time point, and the data of 15 of these infants and toddlers were collected at both time points. The mothers of infants and toddlers with CZS responded to the Brief Infant Sleep Questionnaire (BISQ), a tool for screening sleep disorders in infants and toddlers (0-3 years).
The BISQ version used was translated into Brazilian Portuguese [31] and included questions that addressed the following variables: nocturnal sleep duration (between the hours of 07:00 pm and 07:00 am), daytime sleep duration (between the hours of 07:00 am and 07:00 pm), number of night wakings, duration of wakefulness during the night hours (10:00 pm to 06:00 am), nocturnal sleep-onset time, settling time (latency to falling asleep for the night), method of sleeping, location of sleeping, preferred body position to sleep, age, and gender. The criteria for defining whether a child has a sleep disorder included the following: the child wakes up more than three times at night; the child remains awake for more than 1 hr at night; or the total sleep time is less than 9 hr.
In addition to the calculation of the percentage of children with indications of a sleep disorder, the percentages of sleep location and sleep behaviors, data are also presented as the mean ± SD for the comparative statistical analyses of sleep duration, bedtime routine components, and night waking. Complementarily, both groups were subdivided by semesters in the age groups, from 0 to 6, 6.1 to 12, 12.1 to 18, and 18.1 to 24 months.
The comparisons between groups (CZS vs. TD) were analyzed by t tests when only one parameter was analyzed or by an analysis of variance (ANOVA) when several parameters were analyzed; statistical significance was defined as p ≤ 0.05. The correlations between sleep and age were analyzed using Spearman's correlation test.
Results
The BISQ sleep pattern analysis showed that 34.1% of children with CZS were defined as poor sleepers, 3.5% had more than three awakenings at night, 15% remained awake at night for a period longer than 1 hr, and 24% had less than 9 hr of total sleep time (total hours of day and night sleep). In the TD group, 2% of children were defined as poor sleepers, no child presented more than three awakenings at night, 2% stayed awake at night for a period longer than 1 hr, and 2% had less than 9 hr of total sleep time.
When only nocturnal sleep duration was analyzed, 51% of the CZS group and 20.8% of the TD group presented less than 9 hr of sleep.
The CZS group showed lower total sleep time [CZS 11.24 ± 2.6 vs. TD 12.02 ± 1.9 hr, t (134) = 1.8, p = 0.03; Figure 1A ] and lower nocturnal sleep duration than the TD group [CZS 8.2 ± 0.2 vs. TD 9.4 ± 0.2 hr, t (134) = 3.8, p = 0.0002; Figure 1B ]. There was no difference between groups in daytime sleep duration [CZS, 3.1 ± 2.0 vs. TD, 2.6 ± 1.5, t (134) = 1.47, p = 0.14; Figure 1C ].
When the average number of night wakings (Figure 2A ) and the duration of nocturnal wakefulness (min) ( Figure 2B ) were analyzed, there were no differences between the groups, although the CZS group had greater heterogeneity and higher individual values (up to 700 min) of the duration of nocturnal wakefulness ( Figure 2B ).
The CZS group had a longer settling time or sleep latency (min) than the TD group (CZS, 49.7 ± 70.1 vs. TD, 25.3 ± 16.6, p = 0.02; Figure 2C ). The average nocturnal sleep-onset time was later for the CZS group (CZS, 22.35 ± 1.7 vs. TD, 21.47 ± 1.18, p = 0.04), who presented greater heterogeneity, with some children having sleep-onset time after 24 hr ( Figure 2D ). There were no differences between genders in the sleep parameters analyzed. The analysis of CZS and TD groups subdivided by age in semesters (0 to 6; 6.1 to 12; 12.1 to 18; and 18.1 to 24 months) showed that CZS and TD groups differed in daytime sleep duration in the 0-6 month subgroup; in addition, daytime sleep decreased significantly with age from children in the first (5.8 ± 1.6 hr) to children in the second semester of life (2.2 ± 2.2 hr, p = 0.01) in the CZS group ( Figure 3B) .
When a group of children with CZS was analyzed twice over an interval of one semester, 46.6% showed an increase in total sleep duration, 33.4% did not change, and 20% showed a decrease in the total sleep duration.
The correlation analysis between the sleep parameters and the age of the children showed that in the TD group, the nocturnal wakefulness presented a negative correlation with age (p = 0.02, r = −0.34; Figure 4A ). Interestingly, in the CZS group, no correlation was found between age and nocturnal wakefulness (p = 0.13) or other sleep parameters ( Figure 4B ).
In the TD group, most of the infants (52.2%) slept in a crib in the parents' room; 30.4% were reportedly sleeping in a separate crib in a separate room, whereas 17.4% were reported to be sleeping in their parents' bed. In the CZS group, there was no difference between the percentage of infants that slept in a crib in the parents' room (48.7%) and those sleeping in their parents' bed (47.5%). Just 3.8% of the CZS infants were reportedly sleeping in a separate crib in a separate room.
Almost one-third of the children with TD (34.8%) were soothed to sleep while being fed, one-third (34.8%) fell asleep alone in the crib, and one-third (30.4%) while being rocked. In the CZS group, 55% of children were soothed to sleep while being rocked. The second most common method of falling asleep in the CZS group was alone in the crib (23.7%), followed by falling asleep while being fed (21.3%).
Regarding the mothers' concern about the sleep patterns of the children, 13.7% of the mothers of the TD group considered their child's sleep a minor problem and none of them considered their child's sleep to be a severe problem. In the CZS group, 20% of the mothers considered their child's sleep to be a minor problem and 42% considered their child's sleep to be a severe problem.
The analysis of the mothers' sleep quality showed that 70.6% of the mothers of the CZS group and 20% of the mothers of the controls had an indication of great difficulties in at least two components of sleep quality or moderate difficulties in more than three components of sleep quality (Pittsburgh score: CZS 8.0 ± 4.9 vs. control 3.8 ± 2.7, p = 0.0087).
Discussion
Although infant sleep problems are among the most prevalent problems presented to paediatricians and other child-care professionals [32] , to the best of our knowledge, this is the first study to screen sleep disorders in a population of infants and toddlers with CZS.
We have found that 34.1% of this population was defined as poor sleepers. Approximately 24% of the children with CZS sleep less than 9 hr of total sleep time (total hours of day and night sleep). These percentages are high, even for infants, in whom it is expected that the sleep-wake cycle is not yet consolidated, at least before the first year of life [33] . In the core FOXG1 syndrome, which consists of postnatal microcephaly, severe mental retardation, absence of language, dyskinesia, and corpus callosum hypogenesis, sleep was disrupted from infancy in at least 8/11 children, with frequent nighttime waking [34] .
The prevalence of sleep disorders varies between 5% and 40% in typically developing individuals [35] . In Table 2 , we describe the results of the present study and the results from the literature using the same questionnaire. Some aspects are quite variable because of differences in health conditions and cultural aspects, but infants and toddlers with CZS presented lower nocturnal sleep duration, later sleep-onset time, and longer sleep latency than most of the other children.
However, it is worth emphasizing that this number may still be an underestimation since, in the present study, 65.9% of individuals used drugs that can mask sleep disorders as they may cause side effects such as sedation or drowsiness (Table 1) .
In normal conditions, the mechanisms involved in the circadian cycle of sleep and wakefulness are present even before birth, starting at the 18-20th week of gestation, and are generated in the anterior hypothalamus, specifically in the suprachiasmatic nucleus, as well as other diencephalic areas and the brainstem [12, 13] . After birth, this circadian cycle remains generated endogenously but is also modulated by exogenous factors such as light [12] [13] [14] 36] .
The fact that the CZS group showed lower total sleep time and lower nocturnal sleep duration than the TD group highlights the importance of this aspect in the life quality of children and their families. Sleep deprivation has a negative impact on the pattern of neurogenesis, synaptic plasticity, cognitive performance, behavior, breathing, neuronal development, and blood pressure, contributing to increased morbidity of patients [37] .
These children are not developing the expected relationship between sleep and growth that in a normal situation includes brain growth [38] . In children with TD, a progression in the maturation of the circadian system and sleep-wake cycle is expected, but the infants and toddlers with CZS did not succeed in achieving this maturation and their sleep continues to be fragmented; for example, 3.5% had more than three awakenings at night and 15% remain awake at night for a period longer than 1 hr. Although in the TD group the nocturnal wakefulness presented a negative correlation with age, in the CZS group this did not occur. These multiple and/or prolonged night wakings are considered to be a frequent sleep problem during early childhood [39] .
The CZS group had a longer settling time or sleep latency (min) than the TD group. The average nocturnal sleep-onset time was later for the CZS group, which presented greater heterogeneity, with some children having sleep-onset times after 24 hr. Sleep latency is modulated by the hormone melatonin, which marks the dark phase for the body, influencing human circadian timing and acting as a sleep modulator by opening the circadian "sleep gate" [40] . In normal conditions, the secretion of melatonin by the pineal gland develops after the second month of life [17, 36] , but this was not described in this population. The possible causes of sleep disorders in patients with CZS should be explored in a future study.
In addition to the causes, the consequences of these sleep problems should also be studied, since if not treated, these night-waking problems are persistent [41, 42] and lead to consequences in children's behavior [11, 14, 18, 42] and neurobehavioral functioning [10] . Sleep problems in early childhood can also result in parental stress and psychopathological conditions [20, 43, 44] , which can be observed in the present study since 42% of mothers assumed that the sleep of their children represents a severe problem.
The finding of sleep disorders in more than 30% of children with CZS opens a new perspective to explore this aspect in relation to the development and maturation of the central nervous system of these children [45] .
Numerous studies have shown that infant sleep disorders are treatable, with high success rates [46, 47] in attenuating their negative implications for infants and their parents. Therefore, considering the well-known consequences of poor sleep quality on general health in several populations, the presence of sleep disorders in this population should be considered in multidisciplinary treatments. 
